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© Micro-reactor device and minute sample analysis system using the same. 



© A minute sample analysis system which com- 
prises a micro-reactor device (1) t a quantitative 
measuring device (2), a analyzing device (3) and 
a controller (4), whereby, when a very small 
amount of sample is handled, its dilution and 
loss can be suppressed to minimum level and 
analyzing operations ranging from reaction 
with reactive reagent to separation/detection of 
the sample can be consistently carried out effi- 
ciently. The micro- reactor device (1) controls 
the solution, reactive reagent and sample flow- 
ing in the form of electroosmotic flow gener- 
ated by high-voltage application under control 
of passage change-over switches; while the 
quantitative measuring device (2) measures the 
quantity of reactive sample received from the 
micro-reactor device (1) and introduces the 
measured reactive sample into the analyz- ing 
device (3). The analyzing device (3) optically 
detects components separated from the sample 
through electrophoresis. The above operations 
are generally controlled under the controller (4). 
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The present invention relates to a micro-reactor 
device in which a minute of sample material is made 
to react in a microscopic area and also to a minute 
sample analysis system which uses the micro-reactor 
device. 5 

As a method for causing reaction between sam- 
ple and reactive reagent on a flow basis, a flow injec- 
tion analysis is general wherein sample is introduced 
into reactive reagent and made to react therewith dur- 
ing flow of the sample liquid to be subjected to a con- 1 o 
centration measurement by an optical detection 
method based on its absorbance, which details are 
shown, for example, in Analytical Chemistry, Vol. 
50(1978), pp. 832A-846Aor in Analytical Chemistry, 
Vol. 53(1981), pp. 20A-32A or in AnaJytica Chimica 15 
Acta, Vol. 78(1975), pp. 145-157. 

In the case where such a liquid feeding pump of 
a mechanical drive type as used in the above- 
mentioned flow injection analysis, flow within a flow 
passage becomes such laminar flow having a flow 20 
profile 41 as shown in Fig. 2. The laminar flow has 
such a velocity distribution that the flow has a velocity 
of substantially zero at its both ends due to the flow 
resistance of walls 42 and 43 of the passage and has 
a maximum velocity at its central part. For this rea- 25 
son, there occurs a problem that such a difference in 
the flow velocity within the passage causes the inject- 
ed sample to flow through the passage without keep- 
ing its original shape. And consequently, band broad- 
ening of the injected sample as a result of mixing with 30 
the solution at its front and rear ends thereof, results 
in a decrease of concentration of the sample liquid 
and in an increase of volume in the sample. 

In this connection, a pressure drop Ap is ex- 
pressed as a Hagen-Poiseuille law which follows. 35 

Ap = 8^0/rcr* 
where \i denotes the viscosity of the liquid, 1 denotes 
the length of the passage, Q denotes flow quantity, 
and r denotes the radius of the passage. 

That is, the pressure drop increases inversely 40 
proportional to the fourth power of the radius of the 
passage. For this reason, when a capillary as small 
as below 1 00>m is used as the passage for the pur- 
pose of handling such a very small amount of sample 
as nanoliter level, the pressure drop becomes large, 45 
which involves another problem of withstanding pres- 
sure within the apparatus, that is, which requires a 
special measure of providing a pressure resistive 
property to the wall material of the passage and also 
to a coupling part between the passages to be taken. so 

Thus, there have not been so far realized a micro- 
reactor device wherein a very small amount of sample 
as minute as nanoliter level is made to react with re- 
active reagent as well as a minute sample analysis 
system which is a combination of the micro-reactor 55 
device as its pretreatment and a analyzing device 
suitable for analysis of a very small amount of sample 
composition such as a capillary electrophoresis de- 



vice. 

In order to solve the above problems, in accor- 
dance with the present invention, transfer of sample 
and reactive reagent in a micro-reactor device is car- 
ried out on an eiectroosmotic flow. 

Further, the micro-reactor device is formed on a 
planar substrate having very narrow grooves. 

Furthermore, the micro-reactor device is coupled 
via a quantitative measuring device with a capillary 
electrophoresis device. 

Eiectroosmotic flow takes place when applica- 
tion of a voltage across a capillary tube causes elec- 
tric double layers 51 and 52 formed on the internal 
surface of the tube to move in the same direction as 
an electric field established by the applied voltage, as 
shown in Fig. 3. In this case, a flow profile 53 is such 
a flat flow as shown in Fig. 3. For this reason, sample 
diffusion is as small as several tenths of that in the 
case of laminar flow. A velocity u^ of the electro-os- 
motic flow is expressed by the following equation. 

Uosn. - keE/znVc 
where, k denotes a constant, e denotes charge quan- 
tity of the capillary tube per its unit surface, E de- 
notes applied voltage, z denotes the number of charg- 
es in electrolyte, ti denotes the viscosity of solution, 
and c denotes the concentration of the electrolyte. 

In this way, since the eiectroosmotic flow de- 
pends on the applied voltage, the concentration of the 
electrolyte in the solution, the sign and the quantity 
of charges on the surface of the capillary tube, con- 
trol of the quantity of solution to be transferred can be 
facilitated. Further, the pressure drop caused by the 
solution transfer is substantially zero. 

The capillary electrophoresis is an effective ana- 
lyzing method having a high separation ability but re- 
quires a sample quantity to be as very small as nano- 
liter level. Thus, for the purpose of preventing a large 
quantity of sample solution from being introduced 
from the micro-reactor device into the capillary elec- 
trophoresis device, there is provided a quantitative 
measuring device between the capillary electrophor- 
esis device and the micro-reactor device. As a result, 
a very small amount of sample can be accurately in- 
troduced into the capillary electrophoresis device, 
and on-line analysis including the reaction of a very 
small sample with the reagent and separation of sam- 
ple composition can be performed without subjecting 
to any dilution and loss. 

In the drawings: 

Fig. 1 is a block diagram of an arrangement of a 
minute sample analysis system in which a first 
micro-reactor device is used in accordance with 
the present invention; 
Fig. 2 shows a flow profile of laminar flow; 
Fig. 3 is a flow profile of eiectroosmotic flow; 
Figs. 4Aand 4B show detailed steps in a reagent 
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introduction method; 

Figs. 5A, 5B and 5C show detailed steps in a 
sample introduction method and in a sample-re- 
agent reaction method; 

Figs. 6A and 6B show detailed steps in an analy- 5 
sis method; 

Fig. 7 is a block diagram of an arrangement of a 
second micro-reactor device in accordance with 
the present invention; 

Figs. 8A and 8B show a structure of flow passag- 1 o 
es of the second micro-reactor device; and 
Figs. 9A and 9B show a structure of a passage 
switching part in the second micro-reactor de- 
vice. 

15 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

A first embodiment of the present invention will 
be explained with reference to Fig. 1 showing its block 20 
diagram. 

A minute sample analysis system of Fig. 1 in ac- 
cordance with the first embodiment of the present in- 
vention comprises a micro-reactor device 1 , a quarv 
titative measuring device 2, a analyzing device 3, and 25 
a controller 4. 

More specifically, the micro- reactor device 1 in- 
cludes a power supply 5 for liquid transfer; power 
change-over switch 6; passages 7a to 7g; sample 
quantity measurer 8; a solution resevior 9; a reactive 30 
reagent resevior 11; platinum electrodes 10, 12, 18 
and 22; passage change-over switches 1 3, 1 4 and 1 5; 
an automatic sample injector 16, a sample resevior 
1 7, a sample stage 1 9, a power supply 20 for sample 
introduction, a waste solution resevior 21, a reactor 35 
23, and a constant-temperature heat resevior 24. The 
micro-reactor 1 functions to provide pre-treatment to 
cause reaction between sample and such reactive re- 
agent as fluorescent reagent. 

The power supply for liquid transfers, which com- 40 
prises a high voltage power supply having an output 
voltage of 0-30kV, applies a high voltage to between 
the platinum electrode 10 of the solution resevior 9 
and the platinum electrode 28 of the waster solution 
resevior 27 of the quantitative measuring device 2 or 45 
to between the platinum electrode 12 of the reactive 
reagent resevior 11 and the platinum electrode 28 of 
the waste solution resevior 27 of the quantitative 
measuring device 2. An eluting solution within the sol- 
ution resevior 9, when the high voltage is applied to so 
between the solution resevior 9 and the waste solu- 
tion resevior 27 of the quantitative measuring device 
2, is circulated in the form of an electroosmotic flow 
caused by the high voltage application through the 
passages 7a, 7c, 7d and 7e sequentially in this order. 55 
Similarly, a reactive reagent solution within the reac- 
tive reagent resevior 11, when the high voltage is ap- 
plied to between the reactive reagent resevior 11 and 



the waste solution resevior 27 of the quantitative 
measuring device 2, is circulated in the form of an 
electroosmotic flow caused by the high voltage appli- 
cation through the passages 7b, 7c, 7d and 7e se- 
quentially in this order. 

The flows of the above eluting and reactive re- 
agent solutions can be controlled with use of the pas- 
sage change-over switches 13, 14 and 15. Theirflow 
rate can be easily set by controlling the applied vol- 
tage. In more detail, the power change-over switch 6 
acts to select the voltage application between the sol- 
ution resevior 9 and the waste solution resevior 27 of 
the quantitative measuring device 2 or the voltage ap- 
plication between the reactive reagent resevior 11 
and the waste solution resevior 27 of the quantitative 
measuring device 2. By controlling the applied vol- 
tage and the switching time, the amount of reactive 
reagent introduced into the passages can be readily 
adjusted. In this connection, each of the passages 7a 
to 7e was made up of a glass capillary tube (manu- 
factured by GL Sciences company) having an inner 
diameter of 75u,m and an outer diameter of 375um. 
Further, the passage change-over switches 13, 14 
and 1 5 may be replaced, for example, by a three-way 
valve. 

Sample introduction to the sample quantitative 
measurer 8 is carried out by means of the power sup- 
ply 20 for sample introduction applying a high voltage 
to between the platinum electrode 18 of the sample 
resevior 17 placed on the sample stage 19 and the 
platinum electrode 22 of the waste solution resevior 
21. First of all, the automatic sample injector 16 is 
used to insert a tip end of the passage 7f into the sam- 
ple resevior 1 7 placed on the sample stage 1 9. There- 
after, the high voltage is applied to between the pla- 
tinum electrode 18 of the sample resevior 17 and the 
platinum electrode 22 of the waste solution resevior 
21 so that the sample solution within the sample re- 
sevior 17 flows in the form of an electroosmotic flow 
caused by the high voltage application through the 
passages 7f, 8 and 7g sequentially in this order. In this 
case, the amount of sample solution introduced can 
be set by the volume (internal volume) of the sample 
quantitative measurer 8. The tip end of the passage 
7f and the platinum electrode 18 are assumed to be 
moved together by the sample stage with respect to 
the respective samples placed thereon. 

Even when the sample quantitative measurer 8 is 
not used, the amount of sample solution introduced 
can be easily controlled by adjusting the applied vol- 
tage and application time. More specifically, by suit- 
ably switching the passage change-over switches 14 
and 1 5 so as to communicate with the passages 7f , 
7d and 7g, the magnitude and application time of the 
high voltage applied from the power supply for sam- 
ple introduction 20 to between the platinum electro- 
des 18 and 22 can be adjusted. 

Thereafter, the introduced sample solution sent 
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through the passage 7e to the constant-temperature 
resevior 24, made to react within the reactor 23 of the 
resevior 24 with the reactive reagent sent from the re- 
active reagent resevior 11 , and then sent to the quan- 
titative measuring device 2. In this case, the constant- 
temperature resevior 24 is kept at an optimum tem- 
perature for the reaction. 

The quantitative measuring device 2 includes a 
passage change-over unit 25, the reacted sample 
quantitative measurer 26, the waste reactive solution 
resevior 27 and the platinum electrode 28; and func- 
tions to perform quantitative measuring operation 
over the reaction sample subjected to the reaction at 
the micro-reactor device 1 and then to supply the 
quantitative-measured sample to the analyzing de- 
vice 3. 

The analyzing device 3 as a capillary electro- 
phoresis device in the present embodiment includes 
a capillary tube 29, a buffer resevior 30, a buffer 
waste solution resevior 33, platinum electrodes 31 
and 33, a power supply for analysis 32, an optical de- 
tector 35 and a recorder 36. In this case, used as the 
capillary tube 29 was a glass capillary tube (manu- 
factured by GL Sciences company) having an inner 
diameter of 75nm and an outer diameter of 375^m. 

First of all, the power supply for analysis 32 is 
used to apply a high voltage to between the platinum 
electrode 31 of the buffer resevior 30 and the plati- 
num electrode 34 of the buffer waste solution resevior 
33 to thereby provide preliminary electrophoresis to 
solution and to keep the solution in such an electro- 
phoresis enable state. After that, the reacted sample 
within the reacted sample quantitative measurer 26 of 
the quantitative measuring device 2 is introduced into 
the capillary tube 29 for electrophoresis. Compo- 
nents of the reacted sample separated within the ca- 
pillary tube 29 by the electrophoresis are detected by 
the optical detector 35 and the migration times and 
concentration values for the respective detected 
components are sent to the recorder 36 to be record- 
ed therein. 

Although the capillary electrophoresis device 
has been used as the analyzing device in the present 
embodiment, a high performance liquid chromatogra- 
phy device may be employed in place of the capillary 
electrophoresis device while not compelling great 
modification in the device arrangement. 

Further, since such operations as mentioned 
above are controlled by the controller 4, when the ap- 
plied voltage and time, the power change-over timing, 
the passage change-over timing, etc. are controlled 
in the form of a computer program, this control can be 
carried out with use of a single switch. 

The detailed procedure of a change-over method 
between the solution and reactive reagent will be ex- 
plained by referring to Fig. 4 showing a part of the mi- 
cro-reactor device 1 in Fig. 1. 

First of all, when it is desired to supply the solu- 



tion, a power supply 61 for sample introduction is op- 
erated to apply a high voltage to a solution resevior 
63, in which case a power change-over switch 62 op- 
eratively connected with a passage change-over 

5 switch 65 is set at such a position as to form a thick 
solid line passage shown in Fig. 4A. Next, when it is 
desired to supply the reactive reagent, the power 
change-over switch 62 is switched to the other posi- 
tion so that, at the same time that a high voltage is ap- 

10 plied to a reactive reagent resevior 64, the passage 
change-over switch 65 operatively connected with 
the power change-over switch 62 is also switched, 
whereby such a path as shown by a thick solid line in 
Fig. 4B is established. In this case, passage change- 
is over switches 66 and 67 are operatively connected 
with the power supply for sample introduction 61, so 
that, when it is desired to supply the solution by 
means of the power supply for sample introduction 
61, such a path as shown by a thick solid line in Fig. 

20 4B is formed. 

The detailed procedures of a sample introducing 
method and a reaction method between the sample 
and reactive reagent will be explained by referring to 
Fig. 5 showing a part of the micro-device 1 in Fig. 1. 

25 When it is desired to introduce the sample as 
shown in Fig. 5A, an automatic sample injector 73 is 
operated to insert a tip end of a passage 72a into a 
sample resevior 75 placed on a sample stage 74, and 
then a power supply 77 for sample introduction is op- 

30 erated to apply a high voltage to between the sample 
and waste solution reseviors 75 and 76. Application 
of the high voltage to the sample and waster solution 
reseviors 75 and 76 causes generation of an electro- 
osmotic flow, whereby the sample solution within the 

35 sample resevior 75 flows through passages 72a, 71 
and 72b sequentially in this order At this time, the re- 
active reagent is also being supplied through passag- 
es 78a, 78b and 87c sequentially in this order. In other 
words, as shown in Fig. 5B, there are reactive re- 

40 agents 80 and 81 at upstream and downstream or 
front and rear ends of a sample 79, that is, the sample 
is put in a sandwiched relation between the reactive 
reagents 80 and 81 . Thereafter, supply of the solution 
by the electroosmoticflow causes the sample and re- 

45 agents to flow while reacting with one another as 
shown in Fig. 5C. Further, since the sample 83 is put 
in the sandwiched relation between the reactive re- 
agents 82 and 84 to be efficiently mixed with the re- 
active reagents 82 and 84 at the front and rear ends 

so of the sample 83 through diffusion, the efficient reac- 
tion can be realized. As already explained above, the 
passage change-over switches 66 and 67, when it is 
desired to supply the solution by means of the oper- 
ation of the power supply for sample introduction 61 , 

55 are set at such positions as to form the path shown 
by the thick solid line in Fig. 4B. However, when it is 
desired to introduce the sample, power change-over 
to the power supply for sample introduction 77 causes 
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change-over of the passage change-over switches 66 
and 67, with the result that such a path as shown by 
a thick solid line in Fig. 5Ais formed. 

Explanation will be made as to the more detailed 
procedure of a method for analyzing the reactive sam- 5 
pie in connection with Fig. 6 showing a part of the 
quantitative measuring device 2 and analyzing device 
3 in Fig. 1. 

First, for the purpose of providing preliminary 
electrophoresis, a power supply for analysis 95 is op- 10 
erated to apply a high voltage to between a buffer re- 
sevior 94 and a buffer waste solution resevior 96. At 
this time, as shown in Fig. 6A, the reacted sample 
supplied from the micro-reactor device 1 is filled with- 
in a reacted sample quantitative measurer 92 of a 15 
passage change-over switch 91. Thereafter, the pas- 
sage change-over switch 91 is switched so that the re- 
acted sample is introduced into a capillary tube 93 for 
electrophoresis as shown by a thick solid line in Fig. 
6B. In this connection, the passage change-over 20 
switch 91 is operatively connected with an optical de- 
tector 97 and a recorder 98 so that change-over of the 
switch 91 causes simultaneous analysis and record- 
ing of the sample thereat 

Since the transfer of the sample and reactive re- 25 
agent is based on electroosmotic flow in the present 
embodiment, the diffusion of the sample and reactive 
reagent is as very small as several tenths of that in the 
case of laminar flow. Further, substantially no pres- 
sure drop can be caused by the solution transfer and 30 
the reaction between a very small amount of sample 
and reactive reagent can be efficiently carried out 
within such a capillary tube as small as below 100*im 
in inner diameter. Furthermore, since the micro-reac- 
tor device is connected via the measuring device to 35 
the capillary electrophoresis device, a very small 
amount of sample can be accurately introduced into 
the capillary electro-phoresis device and on-line ana- 
lysis including reaction of the very small amount of 
sample with the reagent and separation of sample 40 
composition can be performed without involving any 
dilution and loss of the sample. 

In the foregoing embodiment, explanation has 
been made in connection with such a system that is 
an integral combination of the micro-reactor device, 45 
measuring device and capillary electrophoresis de- 
vice. Thus, when the micro-reactor device alone is ex- 
tracted from the system, one terminal for supplying 
power to provide electroosmotic flow is missing in the 
micro-reactor device but this problem can be solved 50 
by providing a resevior corresponding to the waste 
solution resevior 27 of the quantitative measuring de- 
vice 2 to the micro-reactor device. 

Explanation will be made as to a micro-reactor 
device in accordance with a second embodiment of 55 
the present invention by referring to Fig. 7 showing its 
block diagram. 

The illustrated micro-reactor device of the sec- 



ond embodiment includes power supplies 101 and 
102, a reactive reagent resevior 103, waste solution 
reseviors 104 and 105, sample reseviors 106a to 
106d, passages 107a to 107f, passage change-over 
switches 108, 109, 110, 111, 112, 113 and 114, a 
measurer 115, a light source 116, a detector 117, and 
a controller 118. The micro-reactor device except the 
power supplies is formed on a planar plate insulator 
such as a glass plate, a single crystal silicone sub- 
strate, etc. 

In more detail, the power supply 102 having a 
high output voltage of 0-30kV is used to apply a high 
voltage to between an electrode of the reactive re- 
agent resevior 103 and an electrode of the waste sol- 
ution resevior 104. The power supply 101 is used to 
apply a high voltage to between electrodes of the 
sample reseviors 106a to 106d and an electrode of 
the waste solution resevior 105. 

When the high voltage is applied to between the 
electrode of the reactive reagent resevior 1 03 and the 
electrode of the waste solution resevior 104, the elec- 
troosmotic flow generated by the high voltage appli- 
cation causes the reactive reagent within the reactive 
reagent resevior 103 to flow through the passages 
107a, 107b and 107c sequentially in this order. Sim- 
ilarly, when the high voltage is applied to between the 
electrodes of the sample reseviors 106a to 106d and 
the electrode of the waste solution resevior 105, the 
electroosmotic flow generated by the high voltage ap- 
plication causes the sample solution.within the sam- 
ple reseviors 106a to 106d to flow through the pas- 
sages 107d, 107e, 107b and 107f sequentially in this 
order. In the illustrated example, the micro-reactor 
device is designed for selective application of 4 sam- 
ples. The flows of the above reactive reagent and 
sample can be switchingly controlled by means of the 
passage change-over switches 108, 109, 110 and 111 
controlled based on a signal issued from the control- 
ler 118. In this connection, the flow rate can be easily 
set by adjusting the applied voltage or time of the 
power supplies 101 and 102 on the basis of a signal 
from the controller 118. 

The reaction of the micro-reactor device of the 
present embodiment is carried out in the following se- 
quence. 

First of all, the reactive reagent is introduced into 
the passages 1 07a, 1 07b and 1 07c, at which time the 
passage change-over switches 110 and 111-114 are 
operated to close the path and to stop the flowing of 
the sample. Subsequently, a high voltage is applied 
to between the electrode of the reactive reagent re- 
sevior 103 and the electrode of the waste solution re- 
sevior 104 so that the electroosmotic flow generated 
by the high voltage application causes the reactive re- 
agent within the reactive reagent resevior 1 03 to flow 
through the passages 107a, 107b and 107c sequen- 
tially in this order. 

Thereafter, the passage change-over switches 
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108 and 109 are operated to close the path and to 
stop the flowing of the reactive reagent. 

Next, when it is desired to introduce the sample 
into the passage 107b also functioning as a sample 
quantitative measurer, the power supply 1 01 for sam- 5 
pie injection is operated to apply a high voltage to be- 
tween the electrode of the sample resevior 106a and 
the electrode of the waste solution resevior 105. 

The passage change-over switches 110 and 111 
are first operated to open the path. After that, a high 10 
voltage is applied to between the electrode of the 
sample resevior 106a and the electrode of the waste 
solution resevior 105 so that the eiectroosmotic flow 
generated by the high voltage application causes the 
sample within the sample resevior 106a to flow 15 
through the passages 107d, 107e, 107b and 107f se- 
quentially in this order. In this conjunction, the amount 
of sample introduced can be set by the capacity of the 
passage 107b functioning also as a sample quantita- 
tive measurer. Even with respect to the sample solu- 20 
tions of the sample reseviors 106b to 1 06d, the sam- 
ple introduction can be similarly controlled by the 
passage change-over switches 112, 113 and 110. 

With respect to the introduced sample and reac- 
tive reagent, the passage change-over switches 110 25 
and 111 are operated to close the path and to stop the 
flowing of the sample and subsequently the passage 
change-over switches 108 and 109 are operated to 
open the reactive reagent path. Under this condition, 
when the high voltage is applied to between the elec- 30 
trade of the reactive reagent resevior 103 and the 
electrode of the waste solution resevior 1 04, the eiec- 
troosmotic fiow generated by the high voltage appli- 
cation causes the sample and reactive reagent to flow 
through the passages 107b and 107c while reacting 35 
with each other. Thus, there are reactive reagents at 
the front and rear ends of the sample introduced into 
the passage 107b, that is, the sample is put in a rela- 
tionship sandwiched between the reactive reagents. 
Thereafter, the solution transfer based on the electro- 40 
osmotic flow causes the sample and reactive reagent 
to react with each other while flowing. At this time, 
since the sample is sandwiched between the reactive 
reagents, the sample can be efficiently mixed with 
the reactive reagents at the front and rear ends there- 45 
of through diffusion for efficient reaction there- 
between. When the optimum temperature of the re- 
action is high, temperatures in the passages 107b 
and 1 07c can be set at proper levels for reaction with- 
out any troubles. 50 

After that, light from the light source 116 is direct- 
ed to the reacted sample. Change of light intensity 
due to the reacted sample is detected by the detector 
117 to measure a sample quantity. In this connection, 
the change of light intensity means that of absor- 55 
bance, fluorescence intensity, etc. Thus, the measur- 
er 115 has a high light transmittance and especially 
in case of absorbance change measurement, the 



measurer passage is provided thereon with a light re- 
flecting layer to prolong its light path length. Further, 
when it is desired to measure a multiplicity of sam- 
ples, this can be easily realized by sequentially oper- 
ating the passage change-over switches 111, 112, 
113 and 114 in the similar procedure to the above. 

The aforementioned operations are controlled by 
the controller 118 and thus when the applied voltage 
and time, passage change-over timing, etc. are con- 
trolled in accordance with a computer program, the 
operation control can be realized with use of a single 
switch. 

More detailed explanation will be made as to the 
passage arrangement of the aforementioned micro- 
reactor device by referring to Fig. 8. 

Fig. 8A shows a passage arrangement of the mi- 
cro-reactor device. The passages of the micro-reac- 
tor device are formed by first providing very narrow 
grooves and small through holes in such a planar sub- 
strate as a glass or silicon substrate, overlapping an- 
other planar substrate on the former substrate, and 
then joining the substrates together by fusion bond- 
ing. As a result, passages 141a to 141 h are defined 
by the very narrow grooves while a reactive reagent 
resevior 142, waste solution reseviors 143 and 144, 
and sample reseviors 145a to 145d are defined by the 
small through holes. The formation of the very small 
grooves and small through holes may be effected by 
such a mechanical machining with use of a drill or by 
such a chemical treatment as etching. Further, pas- 
sage change-over switches 146a to 146g may func- 
tion to perform their switching operation by mechan- 
ically opening or closing the small through holes for 
passage change-over or by partially freezing or un- 
freezing the passages 141a to 141 h. 

Fig. 8B shows a side cross-sectional view of the 
micro-reactor device of Fig. 8A as viewed from a pas- 
sage position A-A shown by arrows. In the drawing, 
reference numeral 200 denotes a planar substrate 
which is provided in its one surface with very small 
grooves and small through holes. Numeral 300 de- 
notes a planar substrate overlapped on the substrate 
200. The passage change-over switches 146a and 
146c are provided therein with members 146a' and 
1 46c' which function as stop plugs and as already ex- 
plained above, which are controlled by the controller 
118 to open or close the associated passages. Fur- 
ther, the reactive reagent resevior 142, waste solution 
reseviors 143 and 144, and sample reseviors 145a to 
145d are provided on their walls with electrodes for 
providing eiectroosmotic flow (only two of which elec- 
trodes for the reactive reagent resevior 142 and 
waste solution resevior 144 being illustrated in the 
drawing). 

Since the reactive reagent resevior 142, waste 
solution reseviors 143 and 144, and sample reseviors 
145a to 145d are provided in the same planar sub- 
strate in the present embodiment, the need for con- 
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necting the reactive reagent resevior, waste solution 
reseviors and sample reseviors through connectors 
as in the prior art can be eliminated and thus a leak- 
age problem and the need for interconnections in very 
small areas can be removed. Further, since only the 
controller, high voltage power supplies and optical de- 
tector are provided as external devices, the entire ap- 
paratus can be made easily small in size. 

Furthermore, since the reactive reagent resevior 
142, waste solution reseviors 143 and 144, and sam- 
ple reseviors 145a to 145d are disposed as externally 
faced, the introduction and the exchange of the reac- 
tive reagent and sample, the washing, and the waste 
solution removing can be facilitated, in this connec- 
tion, the amounts of reactive reagent and sample 
used depend on the sizes of the reactive reagent re- 
sevior and sample reseviors. For this reason, minute 
amount of sample as very small as microliter level can 
be exchanged without any loss by making the diam- 
eterof the small through holes for the reactive reagent 
resevior and sample reseviors to be below 5000um. 
A measurer 147 includes a light transmittabte part 

148 made of silica glass having a high light transmit- 
tance and a light reflecting layer 149. The light reflect- 
ing layer 149 is made preferably of such material hav- 
ing an excellent reflectance as platinum or rhodium. 
When it is desirable to provide the measurer in the 
form of a light transmission type, the reflecting layer 

149 can be omitted. 

Explanation will be made as to an example of the 
structure of a passage change-over means by refer- 
ring to Fig. 9. 

Fig. 9A shows a part of the passage change-over 
means which includes sample passages 151a and 
151b, reactive reagent passages 152a to 152c and 
passage change-over switches 153 and 154. In this 
case, the passage 152b functions also as a sample 
quantitative measurer. The sample quantitative 
measurement and reaction can be carried out by clos- 
ing the passage change-over switches 153 and 154 
to introduce the sample into the passage 152b func- 
tioning also as the sample quantitative measurer. Fig. 
9B shows a side cross-sectional view of a part of a 
passage change-over means which includes Peltier 
elements 158, 159, 160 and 161 which are made in 
planar substrates 156 and 157 as opposed to each 
other with a passage 155 disposed therebetween. 
Passage change-over can be effected by cooling the 
solution in the passage to -15°C or less by means of 
the Peltier elements 158, 159, 160 and 161 to close 
the passage 155. 

According to the present embodiment, the pas- 
sage change-over in microscopic areas can be facili- 
tated with a simple arrangement because the opening 
and closing of the passages is carried out by freezing 
and unfreezing the solution in the passages. 



Claims 

1. A micro-reactor device (1) for causing reaction 
between sample and reactive reagent in a very 

5 small area, wherein the sample and reactive re- 

agent are transferred using electroosmosis as 
the driving force. 

2. A micro-reactor device (1) for causing reaction 
10 between sample and reactive reagent within a 

capillary tube having an inner diameter of 100uxn 
or less, wherein application of a voltage to parts 
of said capillary tube causes the sample or reac- 
tive reagent to be transferred using elect roos- 
ts motic flow generated by said application of the 
voltage as the driving force. 

3. A micro-reactor device (1 ) comprising: 

at least two capillary tubes (7a-7g) having 
20 an inner diameter of 100 vim or less; 

a power supply (5 f 20) for applying a vol- 
tage to parts of said capillary tubes to generate 
an electro-osmotic flow in the capillary tubes; 
a power change-over switch (6) for switch- 
25 ing said power supply; 

a passage change-over switch (1 3, 14, 1 5) 
for switching said power supply to a capillary tube 
to be activated to establish a passage having an 
electroosmotic flow; and 
30 a controller (4) for controlling said power 

supply, said power change-over switch and said 
passage change-over switch. 

4. A minute sample analysis system wherein a sam- 
35 pie and a reactive reagent are transferred on an 

electroosmotic flow basis as the driving force and 
a micro-reactor device (1) for causing reaction 
between the sample and reactive reagent is con- 
nected to such a analyzing device (3) as a capil- 
40 lary electrophoresis device or a I iquid chromatog- 

raphy device. 

5. A minute sample analysis system as set forth in 
Claim 1, wherein interconnection between said 

45 micro-reactor device (1) and said analyzing de- 

vice (3) is carried out through a quantitative 
measuring device (2). 

6. A minute sample analysis system as set forth in 
so Claims 1-5, wherein said system comprises a 

controller (4) for controlling said micro-reactor 
device (1), said quantitative measuring device (2) 
and said analyzing device (3). 

55 7. A minute sample analysis system wherein said 
micro-reactor device (1) introduces sample and 
reactive reagent in the form of electroosmotic 
flow generated when a voltage is applied to parts 



7 



13 



EP 0 616 218 A1 



14 



of a capillary tube having an inner diameter of 
100um or less to cause reaction between said 
sample and reactive reagent within said capillary 
tube. 

5 

8. A minute sample analysis system having a micro- 
reactor device (1 ), wherein said micro-reactor de- 
vice comprises: 

at least 2 or more of capillary tubes (7a- 
7g) having an inner diameter of 1 0Oum or less; 10 

a power supply (5, 20) for applying a vol- 
tage to parts of said capillary tubes; 

a power change-over switch (6) for switch- 
ing said power supply; and 

a passage change-over switch (1 3, 1 4, 1 5) 15 
for switching a passage having electroosmotic 
flow generated when a voltage is applied to parts 
of said capillary tubes. 

9. A micro-reactor device (1) for causing reaction 20 
between sample and reactive reagent wherein 
very narrow grooves having an inner diameter of 
100um or less are formed in a planar substrate 
(200) made of an insulating material and said 
sample and reactive reagent are supplied in the 25 
form of electroosmotic flow generated when a 
voltage is applied to parts of said very narrow 
grooves. 



a controller (118) for controlling a voltage 
application condition of said power supply and 
said passage change-over switches, 

wherein the very narrow grooves between 
said sample resevior and said waste solution re- 
sevior and the very narrow grooves between said 
reactive reagent resevior and said waste solution 
resevior share at least partly a common path. 

12. A micro-reactor device (1) as set forth in Claim 11, 
wherein said very narrow grooves are formed in 
one side of a substrate (200), said reseviors in- 
clude holes passed through said substrate, and 
a second substrate is overlapped on one side of 
said first substrate. 

13. A micro-reactor device (1) as set forth in Claim 1, 
wherein said passage change-over switches per- 
form opening and closing control of electroos- 
motic flow by freezing or unfreezing a part of said 
very narrow grooves. 

14. A micro-reactor device (1) as set forth in Claim 
12, wherein said passage change-over switches 
perform opening and closing control of electroos- 
motic flow by freezing or unfreezing a part of said 
very narrow grooves. 



10. A micro-reactor device (1) as set forth in claim 9, 30 
wherein said planar substrate (200) having said 
very narrow grooves of an inner diameter of 
100um or less formed therein is overlapped on a 
second planar substrate (300) as opposed to said 

first planar substrate to cause very narrow tubes 35 
to be defined by said very narrow grooves. 

11. A micro-reactor device (1) comprising: 

very narrow branched grooves formed in a 
substrate (200) made of an insulating material, 40 
said grooves having an inner diameter of 1Q0um 
or less and being connected to each other 

reseviors (145a-145d, 142, 143, 144) 
formed at tip ends of said very narrow branched 
grooves and having sample, reactive reagent and 45 
waste solution contained therein; 

a power supply (101, 102) for applying a 
voltage through the very narrow grooves to be- 
tween said resevior containing said sample and 
said resevior containing said waste solution or to 50 
between said resevior containing said reactive 
reagent or waste solution and said resevior con- 
taining said sample to cause the solution within 
said associated very narrow grooves to be sub- 
jected to electroosmotic flow; 55 

passage change-over switches (146a- 
146g) provided to said very narrow grooves for 
opening or closing a path of said solution; and 
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